A computational method is given for determining the set of all stabilizing proper first-order controllers for finite dimensional, linear, time invariant, scalar plants. The method is based on a generalized Hermite-Biehler theorem.
I n t r o d u c t i o n
In [l] , a Computational characterization of all stabilizing proportional-integral (PI) and proportionalintegral-derivative (PID) controllers was derived. In [Z] , an alternative fast method for determining all stahilizing PID controllers was derived. The limiting values of controller parameters that guarantee stability are determined in [l] using an extension of the HermiteBiehler theorem [3] , and using the Nyquist plot in 121.
In this paper, we give an extension of the method of [l] to solve the problem of. determining all first-order controllers that stabilizes a given plant. The paper is organized as follows. In section 2, the method for calculating stabilizing gains is revisited. In section 3, we give an algorithm for determining stabilizing first-order controllers. Finally, section 4 contains some concluding remarks.
P r o p o r t i o n a l Controllers
Let C denote the set of complex numbers and let We now describe a slight extension of the constant stabilizing gain algorithm of [3] . Given a plant g ( s ) = %, where p , q E R[s] are nonzero with m = deg p less than or equal to n = deg q , the set A , ( p , q ) := {a E R :
set of all real a such that 4(s, a) has signature equal to r. Let (h, 9 ) and ( f , e ) be the even-odd components of q and p , respectively. Let
free of C O roots except possibly a simple root a t s = 0. Let &(s,a1,a2,a3) by Q~(-s) we obtain
( H , G ) be the even-odd components of q(s)p(-s). Also let F ( s 2 ) := p(s)p(-s). By a simple computation, it follows that H ( u )
Note that a l , a2 appear in the odd part and a l , 03 appear in the even part. It is no longer possible to exploit the results given in [l] and proceed. has at least r2 = ~J2r1--o(pz)J-1 1 real negative roots with odd multiplicities. V&es of a1 E R achieving r2 real negative roots with odd multiplicities can be determined using Lemma 1 and Algorithm 1. In Algorithm 2 below, we follow a nested procedure where one a1, a2 is determined and then the corresponding values of 013 are obtained. In this paper a solution is given t o the problem of determining all first-order controllers that stabilize a given plant. The method consists of an application of constant stabilizing gain characterization on two auxiliary
plants. An extension of this method to any fixed order controller is reported in [5] and to interval plants is reported in 141.
